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Ceramic Coating 




aring 



and applying said coating. 

• * 

Ceramic coatings are typically applied to substrates to provide protection, in 
5 particular thermal protection to the underlying substrate. These substrates tend to be 
metallic. 

One desirable method of producing a ceramic coating is by a slurry process. 

* 

A shiny process involves preparing either an aqueous or non-aqueous slurry, applying 
the slurry to the substrate to form a layer or multi layer coating. The coating is then 
10 heat treated or sintered in order that a ceramip coating is produced. The costing prior 
to sintering is referred to as a green coaling. 



.15 in the range from about 1 to about 10 microns, order to produce a ceramic coating 



clearly the metallic substrate cannot withstand such a temperature. Furthermore, the 




suitable for application to a metallic substrate by a slurry prooeBs. 



Typical zirconia coatings comprise crystallite of a conventional size typically 



these conventional sized xirconias require sintering temperatures of around 1400°C, 



green coating tends to shrink during drying and sintering, causing m mcompromisnig 

* 
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dimensional mismatch between me coating and the substrate and thereby leading to 

the coating cracking and/or spauing. 

Therefore, no crystalline ceramic coatings of a thickness greater than 100pm 

have been produced by a slurry method. 

coatings of a thiefcness greater than 100pm are routinely 



However, ceramic 



10 



utilised as a thermal barrier coating (TBC) in gas turbine engines. 

Typically, a thermal barrier coating system comprises of partially stabilised 
zfrccnia (PSZ) cOat which adheres to the substrate via a layer of Al 2 O s which is 
present on the surface of the substrate. 

However, the use of these thermal barrier coatings is limited by their long- 

term durability. 

* 

Studies have shown that it is essential for TBC s to have a low elastic modulus 
in the plane of the coating to minimise the development of thermal expansion 

and a low thermal conductivity perpendicular to die coating to 



mismatch stresses 



15 minimise the heat transport through the coating to the underlying substrate. In order 
to address this, attempts have been made to control the porosity of the coatings hy 
way of modifying the memod of application of TBC* s. 

Thermal barrier coatings are currently applied by tiiamal spraying and 
electron beam physical vapew deposition (EPPVD). 
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* * 

However, whilst these techniques allow variation in the porosity of the coating 
they are expensive and require high capital investment and high operation cost. 

Furthermore, both are so-called light-on-sight techniques. That is, techniques 
that are only suitable for the application of TBC's to visible areas of a substrate and as 
5 such it is impossible to deposit coating material on inner surfaces of deep holes and 
other hard to reach places. 

In an attempt to address the aforesaid problems researchers have turned to 

nano-size technology. The past decade has seen enormous investment in nano 

particles and nano-strueture technologies. Nano-size technology not only delivers 

10 unusual properties and performance of components, but it also provides opportunities 

* 

to revolutionise material processing techniques, 

As mentioned previously conventional size cjystalline zirconias are sintered at 
temperatures around 1400°C. Clearly, it is not possible to sinter such co atings whilst 
they are in contact with a metallic substrate as the substrate cannot withstand such 
1 5 temperatures. 

The use of nano-size zirconias enables the sintering temperature to be reduced 
to arouad 975°C, However, this temperature is still too high for some metallic 
substrates. 
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Therefore, it is highly desirable to develop a coating and a method for its 
^ri. which eoehlce ceromlo coetioga *> he *— «*» » *"* — "** 
a metallic Substrate. 

Sech . systo woold redoo. to coat of coadns a mcuffio a*** and offer 
5 — io that a coat** ccdd be apptied » cotopon^ -» 

a* 

a» 

geom0tn©s. 

Accord** » to fa. eapec* of to preae- there ia provided a ^ 

eo.** -position corned — -I- panicles dialed within a 

solvent together with pre-fooned particles. 
, to the second aspect of to presan, invention tose is provided. 

„ tmon fl substrate comprising the following 
me thod for ptodocmg a cenmuc coating txpon a suwixa . 

containing nano-sized ceramic particles, 



10 



steps: preparing a nano-suspension 



ion to form a nano- 



preparing ^ at****"** to nanc-sospensron 

mUh* to prefoW p«oOea * to to a*— 

„ rnhrrere to *e soh.***. ar. he« to systenr aoch to- to ^ 

sintered thus producing a ceramic coating. 

> ♦t.z* ivrpc^t invention can "be used to 
Advantageously, the composition of the present mvenu 

• ratine ^hich does not crack or spall during the drying and 
produce a ceramic coating wacn 

e- --fi^tlv the ceramic coating produced from me 
sintering procedures. Significantly, tne ceraim 



become 



NO. 4068 P. 10/29 

S 

composition of the present invention comprises a crystalline nano-structure. 
Moreover, the composition of the present invention can be used to produce coating 
having a thickness of upto SOO|om. This thickness may be achieved by the application 
of one or more layers of the composition of the present invention. 
5 Furthermore, the method . of the present invention is a non-Kght-of-sight 

* * 

technique such that all areas, mduding non-visible areas, of a substrate having a 
complex geometry may be coated. 

A significant advantage Q f fae present invention is that the combination of pre- 
formed particles with nano-size particles enables the coating composition to be 
10 sintered at a lower temperature yrhich a metallic substrate can withstand. This is 
thought to arise as a result of the lower temperature binding effect of nano-sized 

particles. 

A fttrther advantage of the present invention is that the nano-sized particle 

* 

structure gives rise to a coating has a low thermal conductivity such that the 
15 underlying metallic substrate is protected from heat- 

Due to the use of a combination of pre-formed particles and nano-sized 
particles the morphology and distribution of porosity of the coating can be specifically 
tailored having regard for the application of the coated substrate. 

10,1 018 13 .23 - Apr.r 04 ..03 : Aft ? I 
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Nanc-sized particles can be synthesised using various techniques, such as 
chemical predpitation, sol-gel, hydromermal syndesis, chemical vapour 

condensation, inert gas condensation, etc. 

A nano-suspension can be prepared either by dispersing nano-sized particles 
5 within a solvent or applying wet chemical techniques, e.g. hydrothennal methods, 
which produce a suspend system directly without the necessity of dispersion. 

Preferably the preformed particles have a variety of different shapes and theae 
particles may be derived fromeny suitable ceramic material. The pre-fonned 
particles comprise a crystalline nano-structure. 

Preferably the size of the aano-sized particles is less than 200nm and more 
preferably 1- than Advantageously, this smaller particle size provide, a 

better binding effect such that a lower sintering temperature canbe unKsed to achieve 
a cohesive coating. Therefore, the n^-sized parses of the present invention 

particle size distribution, typically in the range from lOnm 



10 



preferably have a narrow 



15 tolOOnm. 

1b. of «• press* l»— is P*t*°»» - * »— ■** 

solvit, for cwmple ™» isTTV 1 Meta "' 

■B. ^o-stod fMkh. « in sCven. -* *- ' — 

is rfM* As «o b«* . — » » 0— *-» 
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the nano-sized particles have a low solid loading, of typically less 10wt%. A nano- 
sluny as referred to herein is a system whereby the.nano-sized particles have a higher 
solid loading, typically greater than 20wt%. 

.An important aspect of the present invention is the preparation of the pre- 
5 formed particles, TypicaDy tibiese particles have a particle size ranging from 5\xjx% to 
300nxn and preferably from lO^m to 150pm. The nano-strncture of the preformed 
particles may comprise crystaltites in the order of 100 to 200nm in size, 

The pre-foimed particles ;can be prepared using colloidal processing. This 
approach minimises defect foxxned by dry powder methods. 
10 The pre- formed particles are typically prepared from a nano-suspension or 

nano-shmy of a suitable ceramic material by known methods such as electrophoretic 
deposition (EPD), dip coating, blade coating, spray drying and air diying. 

Suitable ceramic materials which may used alone or in combination include 
oxides, borides, silicides, phosphates, sulfides of any of the following species boron, 
IS aluminium, silicon, titanium, zirconium, hafixium, vanadium, niobiums tantalum, 
chromium, molybdenum, tungsten, lanthanum, yttrium, iron, cobalt and nickel . 

In a preferred embodiment of the method of the present invention the pre- 
formed particles are prepared by air-drying. A concentrated nano-siurry is allowed to 
dry in air at room temperature to form a solid compact The solid compact is then 

» 



8 



crushed and ground. The ground material is then classified by way of a sieve. The 
e^ng pro-formed particles ate of irregular shape, but are nevertheless broadly 

In a farther preferred embodiment of the method of the present invention the 
5 preformed particles are prepared by dip coating a nano-smrry on a substrate, 
followed by drying and peeling ensuing dried coating from the substrate. The peeled 
citing is crushed and ground and sieved in order to. size classify the pre-formed 

■ 

particles. 

to , p»tt«taly prctod -bo4ta»t of (he matod of *• F»— ^ m 
,„ top «.^^c teTO P»P^toaco^«»ofE P D»ddip»»>tog. Thi, 

combine produce, pie-toed particles hevtag a plaW*e I*** *» 01 -» 

* 

hollow tubes. 

As vaiytog the geomarie* « *• P"*™ 1 P"* 3 " ""^ " ^ 
bevtag differ .ic*™* a»d M. « «— X 
15 «^ prop^e. to ^=e of meted fbr prep.nng *e pio-fonned particles . be 

W ^ aft. rf to P.^ can b. w ™^ •» 

^/saspeasion coacenttaSon, deposWoa time sad deposMoa r«e 
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The present invention adopts a Tjjicks and mortar* approach whereby the pre- 
foimed particles are the 'bricks* and the slurry/suspcaasion of nano-sized particles is 
(he 'mortar' , 

A key step in the method of the present invention is the concentration of the 



5 nano-suspension to a nano-sluny with a desired soEd loading. The nano-sluxry tends 
to be in the form of a paste. The nano-suspension is preferably concentrated by way 
of freeze drying or heat drying in either air or vacuum. 

The solid loading of the nano-sluny is preferably 20 to 60 wt%. 
The ratio of the pre-formed particles to the nano-sized particles is in the range 
10 from 1:5 to 1:1 and preferably is 2:5 em a dry weight bask. Once concentrated, the 
paste is preferably stored in a sealed container in order that the paste does not dry out 

r 

prematurely. 

In order to aid application of the paste to the substrate and change the rheology 
of the paste any of the following may be added to die paste either alone or in 
15 combination; water, at least one polar dispersing medium such as rthanol and at least 
one polymeric surfactant/binder. Suitable polymeric surfactants/binders include poly- 
methacrylic acid (PMAA), poly-methylmelhacrylate (PMMA), polyvinyl alcohol and 
methyl cellulose. Such polymeric surfactants/binders may be added to the paste in 
quantities upto about 5% w/w. The use of pastes having differently shaped preformed 
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« « 



particles enables ft* pore architecture of the coatings to be manipulated. Svch 
manipulation leads to distinctive thermal conductivity of the coatings. For example 
the use of plate-like pre-fonncd particles pmduced by EPD gives rise to a coating 
having a parallel pore streets and a relatively low thermal conductivity. In 
5 contrast to this, the use of preformed particles with irregular shapes gives rise to a 
coaling having a random pore structure and therefore a relatively higher thermal 
conductivity. The coatings of the present invention may have a thermal conductivity 
less than 1-0 w/m°C and a porosity of mo* than 30 vol%. Typical plasma sprayed 

TBC'ahtweoeenfcondtob.ve athemtel condoetmty of l^w/m'C. 
)0 „ to long been ta.gbt.tb* the relatively >»» «*>™> co-*"** ° tTBC ° 

p^ad oy rs and ebpvd M^pcs » *» » <■»= ttMSMBl *~ of 

M ^mm 'in * the »W °f *■ »— 

«^d- only *«. - •** *" **" 

no phase, bo, anil have • *— » «— ** ^ ^ 

15 coatings. 

The coating composition of the present invention may be used to provide a 
parfdea having a plate like structure may be applied to a substrate and following baa, 
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treatment of that paste a second paste comprising irregularly shaped pre-foimed 
particles may be applied thereto and heat treated 

The green coating of the method of the present invention may be heat treated 
at any temperature in the range from 300 to 1200°C. However, heat treatment at 
5 500°C produces a ceramic coating which exhibits good strength and adhesion. 

In cider to increase the coating integrity and improve the coating/substrate 
adhesion, the coating is preferably infiltrated with an infiltration suspension or stony 
after its heat treatment 

Advantageously, this infiltration modifies the porosity of the coating and 
10 increases the inter-particle connectivity between the pre-formed particles of the 
coating. 

The infiltration process preferably take? place in a pressure chamber at a 
pressure preferably greater than IMPa, However, prior to infiltration Che chamber is 
vacuum-pumped in order to eliminate air and/or absorbed gas species from the pores 

15 of the green coating. 

The infiltration suspension or slurry may contain exclusively nano-paxtides or 
a mixture or nano-particjes and conventional fine powders dispersed in water, 
acetone, acetylacetone or other similar polar solvent- The solid loading of the 
infiltration suspension or slurry is preferably in the range from 5 to 80wt%. 



12 



Once infiltrated, the coating is then dried and heat treated at a temperature in 
the range from 500 to 1200°C, either in a vacuum or in sir. 

The infiltration process and subsequent heat treatment may be repeated until 
the desired density and architecture are achieved. 

B» order that the present invention be more readily understood the present 
inv^on will now be described by way of example onry and with referee to the 

following examples and drawings in which: 

Figure 1 shows a representation of irregular preformed particles 

prepared in accordance with one embodiment of the present 



10. 



invention; 



Figure 2 



shows a representation of plate-like prefonned particles 
prepared i* accordance with one embodiment of the present 



invention; 



15 



. • a- tVif^mal diftbsivity of a variety of 
Figure 3 is a graph showing the thermal cinusmy 

coatings having differing pore structures; 
Fi6 ure4 is a graph showm g the thermal conductivity of a variety of 

coatings according to the present invention, said coatings 
having differing pore structures; 
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Figure 5 is a graph showing the effects of infiltration on the porosity of 

the coating, • 

Figure 1 shows the irregularly shaped pre-farraed particles that are typically 
produced by dr-drying. 

5 Figure 2 shows the plate-like pre-formed particles that are typically produced 

by EPD coating. 

Figure 3 shows how the porosity of the coating changes the thermal dififusivity 
of the coating. It can be seen that the coating with random pore structure has a similar 
thermal diffusivity to that of plasma-sprayed coating, while the coating with parallel 
10 pore structure has a much smaller thermal diffusivity. Measured by mercury 
porosimeter, the plasma sprayed coating was found to b3ve 18% porosity, the coating 
with random pore structure had 28% porosity, and the coating with parallel pore 
structure had 30% porosity. Therefore, thermal diffusivity is dependent mainly on 
pore structure, while porosity does not seem to have an influence on thermal 
15 difRisivity> 

Figure 4 shows how the porosity of the coating changes the thermal 
conductivity of the coating. It can be seen that the coating with random pore structure 
has a lower thermal conductivity than that of plasma-sprayed coating while the . 
thermal conductivity of the coating with parallel pore structure is only about a quarter 



14 



of thai of plasma sprayed coating. Therefore toe thermal conductivity is dependent not 
only on pore structure, but also on porosity. 

Figure 5 shows how infiltrating the coating changes toe porosity of toe 
coating. It can be seen that as more infiltration is carried out On toe coatiog, toe less 
5 parous the coating is. Also it appears that large poxes are toe first to be filled by 
infiltration, indicating that toe porosity distribnrion can be modified by the infiltration 

l 

operation. 
EXAMPLE 1 

An aqueous nano-suspension of ZrO, doped with 5.3wt% Y a O, and 0.25wtM 
10 Al 2 03 was used as toe starting material. The original nano-slurry of 24wt% in solid 
load concentration was diluted with distilled water to 3wt% in solid loading. EPD 
was employed for toe preparation of plate-like pre-fonned particles. For EPD, an 
electrical field of 3-5volt/cm and deposition time of 2-5 minutes were used. The 
deposited layer obtained a* such was about 5-lOpm in thickness. Upon crushing and 
15 sieve classification, plate- like particles of 5~20rom in thickness and S0~250mm in 
length were obtained. Further on heat treatment at 1200%, toe plate-like particles 
were consolidated to dense entities. A paste was prepared by mechanically blending 
of 5 grama of plate-like particles with 5 grams of nano-slurry for which toe solid 
loading is 53 wt%. The paste was plastered onto Fecralloy substrate. After being dried 
20 at room temperature and heat treated at 1200«C for lh in air, coating pre- forms of 
10O~500mm in thickness were obtained with good integrity. The plate-like particles 
were found to be predominately oriented in parallel to toe substrate. The pre-forms 
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were further subjected to infiltration with a nano- slurry of 48wt% in solid loading, 
under a pressure of 1 MPa and heat treatment at 800°C. The infiltration and 
subsequent heat treatment were repeated for twice and finally the coatings were 
sintered at 1200°C for Ih. 
S EXAMPLE 2 

The same procedure was followed as Id sample 1, except that the first time 
heat treatment was conducted at 500°C and final sintering was conducted at MOO^C; 
and the repetition of the infiltration, and heat treatment was five times. 
EXAMPLE 3 

10 The same procedure was followed as in sample 1, except that the stainless 

... 

steel substrate was used and first time heat treatment was conducted at 500°C 3 and 
final sintering was conducted at 900°C and die repetition of the infiltration and heat 

treatment was five times. 

■'•'*-.* 

EXAMPLE 4 ■ 

15 The same procedure was followed as in sample 1, except that the pre- formed 

particles wexe m irregular shape which was statistically equiaxed, the size of the 

* 

preformed particle was 1<M OOrcun. 
EXAMPLE 5 

An aqueons nano-suspension of Z1O2 doped with 8wt% Y2O3 was used as the 

♦ , » 

20 starting material. 

The original Suspension (23 wt%) was diluted with distilled water to 5~1 0 wt% 

in solid loading. 

EPD was employed for the preparation of plate-like preformed particles. For 
EPD P an electrical field of 5volt/cm and deposition time of 2-5 minutes were used. 

013.3313: .253p^ Qfr, ,05 sAgyTl 
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. The deposited layer obtained as such was about 5~10mm. Upon crushing and sieve 
classification, plate- like particles of 3O~150mm in length and 5~l0mm in thickness 
were obtained. Further on beat treatment at 1200>C, the plate- like particles were 
consolidated to dense entities. A paste was prepared by mechanically blending of 3 
S grams of plate- like particles with 3 grams of nano-slurry for which the solid loading 
is 57wt%. The paste was plastered onto Fecralloy substrate. After being dried at room 
temperatore and heat-treated fox the first time at >O30°C for Ih in vacuum (<10 " 
W), coating pre-forms of lOCMttOmman thickness were obtained with good 
integrity. The plate- like particles were found to be predominately oriented in parallel 
10 to the substrate. The pre- forms were fortber subjected to infiltrating with a nano- 
slurry of 4CM>0wt% in solid loading, under a pressure of J MPa and heat treatment at 

-J ««.iKr tlie coatinES were sintered at 1200*C in air 



for lh. 



15 



EXAMPLE 6 

The same procedure was followed as in sample 5, except that the first time 
heat treatment was conducted at 5O0*C in air, and me r epetition of the infiltration and 
heat treatment was five times. 
EXAMPLE 7 

' The same procedure was followed as in sample 5, except that the pre- formed 
20 large particles were in randomly irregular shape, the size of the pre- formed particle 
was 10-45 mm- For the preparation of the paste, 8 grams of large particles was mixed 
with 4 grams of nano-slurry for which the solid loading was 57wt%. 
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EXAMPLE 8 

The same procedure was followed as in sample 7, except £b.at ttie size of the 
pre- formed particle was 10-75 mm. 

EXAMPLE 9 

5 The same procedure was followed as in sample 7, except that 5 grams of large 

particles was mixed with 5 grams of nano-sluny for which the solid loading was 
57wt% for the preparation. 
EXAMPLE 10 

The same procedure was followed as in sample 7, except that an acetylacetone 
10 based Zr0 2 suspension was used for infiltration, wfewh obtained by attrition 

■ 

. milling of ZrOz (with 8wt% Y2O3) powder in aoetylftcettrae for 64 how. 

« » * ¥ 

* * * 

It is of course to be understood- that the present' invention is described by way 

-* • 

of example only and is not intended to be restricted to me above examples and 
15 embodiments. 



20 
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CLAIMS 



1. A green ceramic coating composition comprising nano-sized particles 
dispersed within a solvent together with pre-formed particles. 

A coating composition according to claim 1 , wherein the pre-formed particles 



2. 



5 have a crystalline nano-structure 



3. 



coating composition according to claim 1 Or claim 2, wherein the nano- 



sized particles are less man 200nm in size 



4. A coating 



ing composition according to claim 3, wherein the nano-sized particles 



are less than 100 nm in size. 

■ 

A coating composition according to claim 4. wherein me nano-sized particles . 



10 5. • j 

have a particle size distribution in the range from lOmtt to lOOnm. 

6. A coating composition according to any preceding claim, wherein the solvent 
is selected from water or a polar oiganio solvent 

7. A coating composition according to any preceding claim, wherein the pre-foxmed 
1 5 particles have a particle size ranging from 5m to 300 

8. A coating composition according to claim 7, wherein me pre-formed particles 



have a particle size ranging from lO^m to 150nm. v 

ft A coating composition according to any preceding claim, wherein die pre- 
formed particles are prepared from a ceramic material selected from any of the • 
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following either alone or in combination oxides, borides, silicides, phosphates, 
sulfides of any of the following boron, aluminium, silicon, titanium, zirconium, 
hafnium, vanadium niobium, tantalum, chromium, molybdenum, tmgsteat, 
lanthanum, yttrium, iron, cobalt and nickel. 
5 10. A method for producing a ceramic coating upon a substrate comprising the 



following steps: preparing a nano- suspension comprising nano-sized ceramic 
particles, preparing pre-formed particles, concentrating the nano-saspeosion to form a 
nano-slurry, mixing the preformed particles with the . nano-shixxy, apply ing the 
aforesaid mixture to the substrate, and heat treating the system such, that the aforesaid 

10 particles produce a cecaraic coating. 

11. A method according to claim 10, wherein the ratio of pre-formed particles to 

» 

nano-sized particles is in a range from 1:5 to 1:3 on a dry weight basi$. 

12. A method according to claim 1 1^ wherein the ratio of pre-foxxned particles to 
nemo-sized particles is 2:5. 

15 - 13. A method according to any of claims 10 to 12, wherein the nano-slurry has a 
solid loading of from 20 to 60 wt%. 

14. A method according to any of claims 10 to 1 3 wherein the nano-slurry is in the 
form of a paste. 



i 
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1 5. A method according to any of claims 10 to 14, wherein the paste comprises 

* 

any of the following additional ingredients either alone or in combination: water, at 
least one polar dispersing medium and at least one polymeric surfactant 

16. A method according to claim 15, wherein the polymeric surfactant is selected 
5 from polvmethacrvlk acid (PMAA), poly-methacrylate (PMMA), polyvinyl alcohol 



and methyl cellulose. 



•3 



17. A 



method according to claim 15 or claim 16, wherein the polymeric surfactant 



constitutes upto about 5% w/W. 



18. A method according to any of claims 10 to 17, wherein the coating afforded 
10 has a thermal conductivity below I;0 w/m°C. ; 

19 A method according to any of claims 10 to 18, wherein the coating afforded 



comprises stable ziiconia phases. 



* * 



20. A 



method according to any of claims 10 to 19, wherein the green coaUng is 



heated at any temperature in the range from 300 to 1200°C. 
15 21. A method according to any of claims 10 to 20, wherein following heat 
treatment foe ceramic co ating is infiltrated with an infiltration suspension or slurry. 
22 A method according to claim 21 , wherein the infiltration process takes place in 
a pressure chamber at a pressure greater than O.lMPa, 
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23. A method according to claim 21 or olaim 22, wherein the infiltration 

> 

suspension or slurry exclusively comprises nano-sized particles. 



24. A method according to claim 21 or claim 22, wherein the infiltration 



suspension or slurry comprises a mixture of nano-particles and conventional fine 



5 powders. 



25. A method according to any of claims 21 to 24, wherein the infiltration 
suspension or slurry has a solid loading in the range from 5 to 80wt%. 

26, A method according to any of claims 2 1 to 25, wherein following infiltration 
the coating is dried and heat treated at a temperature in the range from 500 to 1200°C 
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